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Abstract 
A coal washing plant is studied for the purpose of reducing energy consumption while ensuring coal 
quality. The pumping system that supplies dense medium to the dense medium cyclone separation 
process, one of the biggest energy consumers in the coal washing plant, is studied in particular. The 
medium flow rate and density are optimized to reduce energy consumption because they are the key 
factors that influence both the cleaning efficiency and the energy efficiency of the DMC process. The 
operation problem is formulated into an optimization problem and solved using Matlab optimization 
toolbox. It is shown by numerical analysis that the proposed approach is effective in reducing energy 
consumption satisfactorily without jeopardizing the cleaning efficiency of the DMC process. 
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1. Introduction 
Coal washing processes are energy intensive which takes a big proportion of electricity consumption. 
In South Africa in particular, the coal mines consume 14% of electricity generation from the utility 
Eskom. As a result of increasing demand, the electricity price is increasing at a noticeable rate in recent 
years. Consequently, the mines are forced to reduce their electricity usage to bring down their production 
cost. 
It is noticed that even a very small percent of energy consumption reduction will results in huge 
amount of savings for the mine as the baseline energy consumption of the process is very large. To 
achieve this goal, the coal washing dense medium cyclones (DMCs) are studied. In DMC process, the 
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coal is beneficiated with the help of dense medium, which is a mixture of heavy particles and water, to 
remove impurities such as ash, sulfur, and volatile matters. Driven by centrifugal forces, the heavy 
impurities exit the DMC at the underflow and the lighter fine coal exit at the overflow of the DMC. 
According to extensive studies on the DMC performance [1][2], the density of the medium and the 
medium coal ratio (M:C ratio) are the key parameters that influence the coal washing efficiency of a DMC 
unit. A model for reducing energy consumption of the DMC, which takes the medium density and M:C 
ratio as decision variables, is proposed in this study. 
In literature, the studies on DMC focus on either fluid dynamics simulation to improve separating 
efficiency by means of DMC geometry design or approximated empirical model in practical operation of 
DMC plants. There is lack of model based approach for improving the DMC plant in terms of separating 
efficiency and energy efficiency. For this purpose, a model based control is designed in our previous work 
for the DMC plants [3]. However, due to the study scope within which the speed of the medium supply 
pumps are fixed, the M:C ratio was assumed to be constant in [3]. As concluded in [2], the M:C ratio can 
have deterministic effect on the DMC performance, therefore, this study is an extension of our previous 
works which includes the M:C ratio as one of the decision variables in the optimization. The ultimate 
interest of this study is to investigate the effectiveness of reducing energy consumption of the coal 
washing plant by means of model based optimization techniques.  
The remainder of this paper is organized as follows. The DMC model is presented in Section 2. Section 
3 gives the formulation of the proposed optimization problem. Section 4 presents the numerical analysis 
results. Section 5 concludes this paper. 
2. Dynamics of the DMC 
The dynamics of DMC is usually modeled by computational fluid dynamics methods, which however 
is not suitable for operational applications due to its unacceptably long computation time. Therefore, the 
model developed in [4] is employed in this study. The original model developed in [4] considers the M:C 
ratio as a constant which does not present in the model. Align to the purpose of this study, that model is 
modified such that the M:C ratio is taken into account as follows (please refer to [2] for more details). 
The density of the slurry entering the DMC is given by the following equation  
 ,
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where r  is the M:C ratio. 
The performance of the DMC is then governed by the following equations, where  ,o cx , ,u cx  are the 
percentages of components in the overflow and under flow of the cyclone, respectively, in which c ={ash, 
sulfur, moisture, volatile} represents the contents that are carried in the run-of-mine coal. o  and u  are 
the densities of slurries exiting at the overflow and underflow of the cyclone. i mb mbW Q  is the slurry 
feed rate to the cyclone. The volumetric parameter oV  and uV  denote the volume of slurry inside the 
cyclone which report to the overflow and the underflow of the DMC. Similarly, oQ  and uQ  are the flow 
rates to the overflow and underflow of the cyclone. The ,o cK , ,u cK , ,o mK  and ,u mK  are DMC specific 
constants for the component overflows and underflows. 
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It can be observed that the DMC model consists of nonlinear differential equations of the decision 
variables M:C ratio and medium density. Therefore, the energy consumption reduction problem is 
formulated as a nonlinear optimization problem in the next section. 
3. Optimization Problem Formulation 
Energy consumption of the DMC process happens at the medium pumping system, which moves the 
dense medium from the corrected medium tank to the mixing box where the run-of-mine coal and the 
medium are blended. Therefore, the energy consumption of the DMC process is a function of the medium 
density and flow rate given that the differential head of the pump is fixed. 
Therefore, the objective function of the optimization is constructed as follows: 
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where rx  is the reference percentage of carbon content in the fine coal from the DMC output, the second 
term in (3) represents the energy consumption of the pumps that pump the heavy medium, where ,  m p  
are the efficiency of the motors and the pumps. g  is the gravity acceleration and h  is the differential 
head of the pumping system. 
The constraints include physical constraints on the proportions of the contents in the DMC outputs, the 
limits on the magnitude and rate of change of the medium density and the M:C ratio, are presented in (4). 
Consequently, the optimization problem is formulated as minimize (3) subject to the DMC dynamics (1)-
(2) and the constraints (4). 
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4. Numerical Analysis 
In the numerical analysis, the relevant parameters are: oreQ =0.005 m
3/s, oK = uK  =0.220 m
2s, ,o cK = 
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[2.000×10-4, 3.900×10-4, 1.500×10-4, 8.900×10-4]’ m3/kgs, u,cK  =[0.770×10
-4, 3.900×10-4, 0.300×10-4, 
8.900×10-6]’ m3/kgs, ,o mK =4.800×10
-4 m3/kgs, u,mK =3.900×10
-4 m3/kgs, c =[2000, 1920, 1000, 1100] 
kg/m3. These parameters are according to the status of a mine in South Africa and adopted from [4]. 
As an extension of our previous study, the results are compared with that from our previous simulation 
results which give 1.56×10-5 mean deviation from the set carbon percentage and 69.62kW average power 
demand per DMC module. In comparison, with the approach presented in this study, both the medium 
density and the M:C ratio are optimized, which results in 5.87×10-4 deviation from the desired carbon 
proportion while reducing the power demand to 68.31kW (1.89% reduction). It can be observed that the 
deviations from the desired carbon percentage are very small which does not affect the fine coal quality in 
both cases. By contrast, the 1.89% power reduction leads to annual 3442.7 MWh energy savings for a 
coal washing plant with 15 DMC modules, the case studied in [3], which is equal to 2.41 million Rand 
cost savings (According to Eskom tariff). 
5. Conclusion 
An optimization model for coal washing dense medium cyclones aiming at reducing energy 
consumption is presented. The model takes into account both the density of the heavy medium and the 
medium coal ratio that determine the separation and energy efficiency of the dense medium separation 
process. Numerical analysis results verify that energy consumption and therefore cost reduction of the 
process can be achieved by the propose optimization approach. 
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